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PREFACE

LUTHORIZAT ION

Specific directives for this investipgation were
issued in Buord ltr IB100 (Relb) dated Deceuber 28, 1942.

OBJECT

To make a complete physical, chenical and wetal-

U US PRI L O =

lurglcal study of two rounds of Germen 20mm aircraft anmuni-

tion.,

SUMMARY

4

~ complete exanlnation has heen aade of two

rounds of German 20zm aireraft Oerlikon ammunition.

These two 10unds used stoel cartridge ceses
ganufactured by deep drawing a spheroldized steel of .
enproxinately SAE 1020 grede. A study has been iwde of
the har dness clstribution rnd uicrostructure of these

- oprtridpe cases. It is shoun thet mouth-annealing has been
- usod to obtaln the distribution of vhvsicel p;one;ties

necoessery for proper obturation.
For climstic proteotion the steel has been coated
has been used to pxovide a oatiafuctolj bond to the steel.

The projectiles of this auuunition possessed
unusuel features, one belng thin walled end heving high

" oepecity end tho othar being of conventional HIT design bub
aaving a rotating band made frumza sintered ivoa powder ‘

co&paot.

~with a clear lacquer; a me-trestment silailer to Perkorizing

A couplete drawing hes been ade of the i S

ian huving ths hibh eapneity projeotile.,=
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I INTRODUCTI ON

Twio 1ounds of German 20uwm sircraft asmmunition
were received on Januasry 23, 1943, by the aruor and
Projectile Laboratory of the l.aval Proving Ground of
Dehlgren, Virginia, for physical, cheaical and wetal-
lurgical exanination,

é
|
s

The ammunition was recovered following the
cresh of & Ceruan Focke-Wulf plane in Iceland oa
October 24, 1942,

IT ITVESTICATION

(4) EH¥SICAL - Tigure L shows this awmunition as
received, unloaded eand viithout fuzes., Thie following is
& description of the chaiectoristics, essenbly and
markings of tlis ramuenition,

Round CLI395 - sdycraft Cerliion simunition
using o steel cartridge cese end & thin walled high
copaclty projuctile. TFlgure 24 shows ohis nyre jeetils
and cear tridge case in cross swetion. The projeotilu had
- a totsl (unfuzed) woight of 4LO groams end & cansoity of

423 cu,in., Tae cartridge cuse vielghed 63 graus and had
a capacity of 1.35 cu.lin, -

The pro jeetilu vos rainted yellow with & bleok
fdentificat lon band around the wouth; the following codo
wing stencilloed in wiaite at apwoxdustoly widbody:

e d g 224l s b Ll a Ll

The portion of the mojeetile bolow the rotating band
vies iloft unpuinted., _ :

_ . Thu cartridgc case vas costed with a cluer »
looquar end wes identified by the following bese warkings:

1% 41 541w/ T3\

Round C¥L39% - Adroraft Cerlikon musmunition
using a stocl cartridgoe case similear to that of round 395
but vwith & conventional HET projectile with a sclf-
Gestruotina feeturc. Sove oross scetion in Figure 2B,

This projectile had a total unfuzed weight of
-85 grams and a capacity of .192 cu.in. of H.L. and .06 -
eusdn. of traver compounds - .

v




*¢co* Atregsmixoadde eq o3 pedpnp + | )

*Lyteoguwsyooagsedg suruimopodd %

AN & % % , dn) aemiad
4N 80° OT° so0®* ©03* -~ - * : pusyg 3ui3vioy
&L LOo*  ¢3* eb® &%" 480* 880* 1S8° Lpog a7339sfoag
Ll LO®* 60° 0T* 1I¥* 610° ¢£ID° £1*. 958D 93pTd3Jded

¥6€ TUROY
IN & % _ dnd aswuild
gv* LN %°T %6 0°s LN  03° 09° 03° 3uty Buijaoddng
(s]0) 4 A - _ pusg Jupssycy
IN IN  40* P P - J03d8pyY e2ng

92° 40° TO°T 1I¥* S4° 6£0° 9I0* SI° Lpod o1F309f oag

IN 40°* 40” gSI* gg* 2go* 120° O©02° 958D 93pTa3a8)

AWM W ® W WW B W W § I35 e wened

s

NOILINAWAV IJAVHOUIV Wil O2 RVIHED 40 SISXIVHY TVOINSHD

v JIgvd




.mﬁﬁpom_onn JEB PUB 858D 9

QONTITI80 "wm Oz uwmIsh Jo ucij o9
"suodwan Lwauy woxy s8TE36] JO To

gz eInFig *€76T ‘22 yoavp
FpTI3I80 19816 ‘UCIFIUNDIYV 3IVIDITY
g B8E0JO PpaO3E0IVEY °Z9 °*ON 3Jodey
T3BuTEEXy - {Id¥) LS9 "ON OLOHI OdN




.a; Ve ©Ins1d *EN5T ‘22 UOIBY
*9T13%0f0 ' 9 qITY pUB 0880 9PPTIJIBD 8938 UCTITUNMIV ~JBIDITY
UONTTIS0 °*U (Z UWIISD JO UOI3008 $80JD DPOYSINOIDIY] °*29 °on aJ0dey

‘suodeoy Ampug WOIJ B8TV3OH JO TOIIBUTWYXF ~ (1Y) 999 °“ON OLO:d DN




o

O ST m -5 i
H i .
; :
A b Al | S
1

b - G IHONT

=1 . T ) B
AUEY ESWUPUOH SIBUDIA T




.' " i""‘
A /\zﬁ‘i o

POSITION D

 FHOTOMTCROGRAPHS AT VARIOUS POSITIONS
| OF A 20 14! CSRUAN STZEL CARTRIDGE CASE

. PIGURE 3.
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- vellant during transport.

: ;5y & surfece trsatment similar to Parkerizing. Such con-
ditioning 1s necessary for steel to provide a good bonding

*mgmrioamn 500X for A, B, C &D
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The hardness distribution (plotted in Fig. 4) N
shows that these cases have high physical properties, ten- 3
sile and yield strength, along the center of the body and B

‘ around the nrimer potket resulting from cold work. These g

vroperties gradually fall off towards the mouth reaching a
value almost as low as that of the original blanking as
giveg by the head which suffered relatively slight cold
working.

Such a AdAistribution of hardness is necessary
for & cartridge case must have high elastic »roperties along
the body for proper recovery, and a soft mouth and neak taper
region to permit proper obturation,

The herdness around the primer pocket is sone-
what hlgher than the hardnsss along the center of the body.
The deep etched structure of figures 24 and 2B skow that
this was obtained by a pocketing operation which cold-
worked the metal; a feirly high hardness is desired at this
point to yrevent blowing out of the primer cup on firing,
Suclk: a method has evidently been successful for the primer
cup is retained solely by a three-noint star-crimp. (3ee
Duwg. 103 (APL).) . .

The microstructure of the head (See Fig. 3, Posi-
tion A) can be considered identical to that of the original
disc blanked from the strip. It shows partially sphercidized,
elongated rearlitic patohes in a matrix of ecuisxed ferrite
grains, This is the structurse of a hot rolled plate. The
miocrostruotures: positions B at the root and € and D along
the body, show the same shructure following proerossively
severe cold working. * Position E at the mouth shows a
reorysiallized structure of asmaell equiaxed fertite grains
resulting fron annealing; to affect such a reorystallization
of the ocold worked greins the annealing must have been
oarried out at temperatures between 1000° F. and 1100° F.

These cases have a very good surfece avpearanos,
being rractically devoid of die marks; a cleai lacquer, .
‘soluble in aleohol and wineral scids and insoluble in water, S
cocated the inside and outside surfaves, It appe.red that S
this laoquer adhered well and would not chip off; however, S
ts abrasion resistance appeared to be low -~ presumably it
was aguticlent to withstand the abrasive sction of the pro-.

The steel had been'prestreated_for lacquering.

‘surface for orpenic contings; it is not in itself a wrotec-
-uion against olimatie qarrosion..' O
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Miorostructure of iron rotating
band; showing a rartially re-

orystallized matrix of ferritic
grains, with numerous and.inter-
conneoctic voids, Struoture of )
a sintered iron powder compact. ¢

MAGNIFICATION 200X
BTCHED NITAL i
Miorostruoture of high capacity
projeotile; showing a fine lamel-
lar struoture obtained on fast
cooling.
) ) MAGNIFICATION 1500X .
- ETCHED PICRAL :
i
e . '9‘13‘.;\ -
AL :f""“%}
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Mlovestruoture of H.5.T. proe
¢~0tile; saowing norwalized
Aarucsure of & .50 carbon steel,
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. High Cepacity Projeetilc - The details of con-~ B |
struetion of %his projectile are given in KPG Dwg. 103(AFL); - =
the novel body design permits an unusually high capacity of ’
bursting charge.

R
[ A 4 3,:

Unlike the conventional 20um H.E. projeotiles which
have thick walls, are machined from plain carbon steel bar
gtock and sre not heat treated; this projectile is mmde by
hot drawing a chromium-molybdenum steel (see Table A) and
then oil quenching to produce a hardness of 38 - L0 Ig.

i R S LT S
'

The microstructure (Fig, 5) shows a fine lamellar =
structure of carbidcs and ferrite plates typical for this -
steel composition when cooled fairly rapidly. It should be
noted that there is no evidence of tempering. The hardness
obteined represcnts the maximua which a stecl of such low
carbon content can be expected to show without a drastic
quench to form martunsite and then temporing. In applying
the rotating band undcr & banding-press, thc thin wall
prescnts e special problem. This is solved by theo use of a
duraluminum supporting ring to strengbthen the wall. The
fuze is retained to the projectile by means of a fuze adapter
which is punch-orimped in the projeotile.

i B R s P P IV ET

ey
o

H.E.T, I@%jeotile - The details of construction of
this mrojectilc are falrly convcntional; & cross scotion is
shown in Fig. 2B.

Wt D
YR B 4

{ This projeotileu has beon wachined from a low

chromium stusl bar stook (sce Table A); Fig. 5 shows theo
normalized structure which is probably that of the o1 igineal
bar stook; the haxrdnoss was 18 Rge

Coe The rotating band is unusual in that it is placed

| P . fairly woll forward on the body (3/4 in. from the basc) and

{ %a : - that is wade from sintered iron powder. It appears that
| neither the prussing nor the sintering of this powdered comw

- pact has been carried out to any great extent, Fig. 5 shows
- - . the discontinuous natur¢ of the bond which is the result of

\ EEEEE - using falrly low mroessures in the pressing operetion.  This
P band is epperently colned slightly oversize then sintered end
: . finally irussed onto the mojectilo. Tne use of & suprorting

1 S ring to prevent a2 collapse of the wally during this band
: .. proessing oparation has becn disoussoed previously.

: S : This band was found to be very friable, breaking
i e -lnto wany fragueits while being resoved from the projeotile.
. e . . Boomusc of this brittlencss, no reproducible hardness - '
T avesurcuent ocould be amde. e
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